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Abstract 
 
Color quality is a vital concern in the printing industry. The ability of an LCD 
monitor to accurately and consistently predict the color of a printed work is often 
in doubt. According to Chung (2005), color reproduction technology is different 
for soft proofing and hard proofing which could lead a layman to believe that the 
two technologies may not produce the same result. Nevertheless, it is still 
possible for both reproduction technologies to achieve a metameric match which 
gives the same perceived color sensation between display and print.  
 ISO/CD 14681 provides guidelines for creating the conditions required to 
perform soft proofing.  This standard builds on ISO 12646 requirements for 
monitors and introduces a new softproofing environment (lightbooth with 
integrated monitor) to better meet the needs of industrial users.  
 The ISO 14681 integrated viewing environment removes one important 
obstacle to achieving print to softproof match, i.e., the problem of simultaneous 
color contrast inherent in using a dim monitor surround with a bright paper 
viewing condition for soft proofing.  Thus, the first objective of this research was 
to assess print to softproof visual match in the ISO 14681 integrated viewing 
environment.  Nevertheless, even in this environment, inconsistency between 
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paper white and monitor white remains as the next major obstacle to achieving 
consistent print to softproof match.  Thus, a second objective of this research is 
to develop a methodology for matching the monitor’s white point to the white 
point of the paper viewed in an ISO 14681 integrated viewing environment. 
  The methodology for fulfilling these objectives began with the creation of 
the hardware/software environment required to support experimentation. This 
environment consisted of a 24-inch EIZO CG242W display conforming to ISO 
12646 and an integrated viewing environment conforming to the P2 specification 
in ISO 3664:2009. Two ISO 12647-2 conformed press sheets were prepared and 
became the reference for the experiment. The researcher next developed a 
methodology for matching the monitor white point to the white point of the paper 
under the P2 viewing condition.  Finally, a panel of observers was used to 
compare print to softproof match for four display conditions in a paired 
comparison experiment. 
 The results of the experiment were highly encouraging.  The mismatch 
between monitor and paper white points, as measured by the sum of the 
differences in R, G, and B counts between the monitor and the paper, was 
reduced by nearly 90%. In addition, the paired comparison experiment 
demonstrated that the use of a custom monitor white point and optimized monitor 
gamma outperformed the use of standard D65 and D50 white points with the 
same optimized gamma at a .05 level of significance. 
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Chapter 1 
Introduction  
 
Background 
        Proofs are often used as a part of a contractual agreement to indicate the 
printer buyer’s expectation for printed color reproduction. The closer the proofing 
method mimics the conditions of the printing press, the more reliably it indicates 
the final product’s quality. Without a contract proof, it may be difficult to settle 
disputes between the printer and print buyer concerning color quality. The proof 
serves as a color specification agreement between the printer and the customer, 
and as a guide for adjusting the press during a press run when appropriate.    
        Two distinct categories of proofs are used in printing: hard proofs and soft 
proofs.  A hard proof is a print produced on an output device such as an inkjet 
printer. A soft proof is an image displayed on a monitor. Due to advances in 
hardware technology and color management, the technology required to support 
soft proofing largely exists. A calibrated liquid crystal display (LCD) is now 
capable of predicting the color appearance of a printed product. 
             When a hardcopy print is compared with a hard proof under print viewing 
conditions which are specified by ISO 3664, two colors that match numerically 
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will be perceived to be the same visually. This is the reason that hard proofing is 
popular and trusted in the printing industry.  
 In today’s era of globalization, demand for soft proofing is increasing due 
to the advantages in speed, cost, and flexibility that this technology offers when 
compared with traditional hardcopy proofing systems. Although soft proofing is 
ideally suited for today’s multinational print supply chains, some problems 
continue to be obstacles for users wishing to adopt this technology.  
  In traditional softproofing, a hardcopy print is viewed under the bright 
conditions specified by ISO 3664 while the softproof image is displayed on an 
ISO 12646 calibrated monitor in dim viewing conditions. In this environment, if 
two colors match numerically, they may be perceived as a mismatch due to the 
difference between the bright and dim surrounds. For this reason different 
viewing conditions are being developed to obtain a better visual match for a 
numerically matching pairs of colors.  
 ISO/CD 14681 specifies three viewing conditions and the third condition is 
new. In this condition, both the print and display share the same bright surround. 
However, ISO/CD 14681 does not specify a methodology to obtain a visual 
match between the print and the display in this new viewing condition. Therefore, 
a new methodology for obtaining a print to softproof visual match in the 
integrated bright viewing environment is required.  
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Statement of Problem 
          Two softproofing systems for comparing prints to displayed images have 
been developed. In the first system, the image on the monitor is displayed in a 
dim lighting condition while the print is viewed in a bright viewing condition. This 
bright/dim system is the traditional choice for the printing industry. The problem 
with this system is that it is viewed by the industry to be less trustworthy than 
conventional hard proofing. One of the most important issues associated with 
color perception is simultaneous color contrast, the effect on color perception of 
viewing an object against different background colors.  The bright/dim viewing 
conditions of the traditional softproofing environment could easily create color 
mismatch due to surround differences. To solve this problem, a second system 
where the monitor is a part of, and built-into, a viewing cabinet has been 
proposed. This bright/bright viewing condition is a new choice for the printing 
industry and it avoids the problem of simultaneous color contrast. Although, this 
new softproofing system (specified by ISO/CD 14681) is a better choice than the 
traditional softproofing system, it only removes one of the barriers and does not 
solve all of the problems associated with softproofing. This thesis investigates an 
important aspect of the print to softproof match, namely assessing the 
effectiveness of the ISO/CD 14681 bright/bright lighting recommendations in 
improving print to softproof match. In addition, this research develops a 
methodology for matching monitor/paper white points, and optimizing print to 
softproof match in this bright/bright viewing condition. 
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Reason for Interest 
 The graphics arts industry is moving to a model of central content creation 
combined with distributed production of finished goods.  This model puts a 
premium on fast, low cost, easy to use communication channels between the 
center and the distributed production sites.  Soft proofing is such a channel, and, 
as a result, demand for soft proofing is growing rapidly. 
 For soft proofing to work, both the content and viewing conditions must be 
controlled. New viewing conditions have been proposed, but there is no universal 
methodology for obtaining print to softproof match under these conditions. 
Developing such a methodology would contribute to meeting the industry’s need 
for a trusted soft proofing technology which can be used to support the evolution 
of multinational printing supply chains. 
 The researcher is interested in both printing and color science.  This 
research is particularly interesting because it combines both areas. The 
researcher is also interested in creating new insights concerning color science 
and printing by doing research in this field. His undergraduate research project 
was based on gravure press to proof match. This project studied color correlation 
between a gravure print and a hard proof. Soft proofing is interesting to the 
researcher because it is an extension of the work he did in his undergraduate 
research project. Finally, soft proofing is an emerging field and the researcher is 
interested in having the opportunity to use soft proofing in the future. 
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Chapter 2 
Theoretical Basis 
 
 Two phenomena that influence how observers perceive numerically 
matching colors form the theoretical basis for this research: simultaneous color 
contrast and adaptation of the eye.  Both factors play a role in softproofing, and 
either can lead an observer to perceive color differences between colors that 
match colorimetrically. 
 
Simultaneous Color Contrast 
 Two colors can be spectrophotometrically identical but still look different 
due to the fact that they are embedded in surrounds of different colors. This 
effect is called simultaneous contrast (Helmholtz, 1911; Kingdom, 1997; Whittle, 
2003). Simultaneous contrast occurs because a single observer can experience 
two separate visual mechanisms when observing the same color against different 
backgrounds (Webster, 2003).  Specifically, visual mechanisms adapting to the 
mean color of the surround (called ‘light adaptation’) play an important role in the 
perception of simultaneous color contrast (Ekroll, Faul, & Wendt, 2010). As such, 
the effect of simultaneous color contrast, in the context of soft proofing under 
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bright/dim surround, can cause confusion in color appraisal. The problem of 
simultaneous color contrast can be demonstrated in Figure 1 (Chung, 1999). 
 
Figure 1 Simultaneous color contrast. 
 
To elaborate, the left hand side is a magenta and black composition; the right 
hand side is a magenta and white composition. If we examine the color magenta 
closely by isolating its surround, we will find that it is identical on both sides of the 
figure. However, if we compare both sides visually, we will notice that the 
magenta color on the left hand side appears to be more vivid or saturated than 
the color on the right. (Chung, 1999, p. 6) 
 
Adaptation of the Eye 
 Chromatic adaptation is the study of changes in the photoreceptive 
sensitivity of the human visual system (HVS) under various viewing conditions, 
such as illumination. Due to chromatic adaptation, a piece of white paper is 
believed to appear white regardless of the illuminant. The ability of human color 
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vision to perceive the color of an object (like white paper) as invariant to 
illuminant  is called color constancy (Li, Tavantzis, & Yazdanbakhsh, 2009). If the 
same objects is displayed under two illuminant conditions, human color vision 
adapts to the new surround in a short period of time, usually in less than a minute  
Mann, 2012).  
 Under the integrated viewing condition of ISO 14681, the monitor and 
paper shared a common illuminant. In this viewing condition, visual adaptation is 
not an important effect. Instead, the eye is excellent comparator of color and 
quickly discerns differences between the white point of the monitor and the white 
point of the paper. For this reason, it is important to match the white point of the 
monitor and the white point of the paper in order to create an effective 
softproofing environment. 
 
Color Management 
 "A white point (often referred to as reference white or target white in 
technical documents) is a set of tristimulus values or chromaticity coordinates 
that serve to define the color "white" in image capture, encoding, or reproduction" 
(Kennel, 2006, p. 61). Depending on the application, different definitions of white 
are needed to give acceptable results. White points on monitors usually range 
from 5000– 9300 Kelvin (K). Lower values are more reddish and higher values 
are more bluish. When the white point of a monitor is set to “Native” in the 
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Operating System, the application program uses the monitor’s current white point 
without changing it. 
In the Graphics Arts industry, 5000K, 5500K, and 6500K white points are 
typically used for displays without regard to matching the white point of the 
paper. However, ambient lighting and the colors surrounding a monitor will affect 
visual judgments concerning the colors displayed on it, especially its white point.  
As a result, monitor profiles created with the new X-Rite i1 profiler have a screen 
white point setting that can be customized based on the viewing condition and 
operating system being used (X-rite, 2005). This aspect of color management 
allows the monitor white point to be aligned closer to white point of the print 
under the integrated viewing conditions. 
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Chapter 3 
Literature Review 
 
The State of Softproofing 
 Competition from electronic media is creating significant pressure on print 
media with regard to cost and quality (Matthias Pilz, 2009). Advances in monitor 
technology, software development, and Internet connectivity speeds coupled 
with increased customer demand for softproofing has contributed to increased 
use of this technology over the last few years. Today, softproofing is often seen 
as a promising new technology which can be an extension and/or an alternative 
to traditional paper-based proofing methods (Lisi, 2011). Softproofing has the 
potential to make print media more economical, saving both time and money by 
reducing the need to ship hardproofs.  
 However, the benefits of softproofing are to some extent offset by its 
disadvantages. Color communication using softproofs is not always accurate. 
Many computer monitors are not calibrated. Even for calibrated monitors, the 
translation of the RGB (Red, Green, Blue) phosphors on a computer monitor into 
CMYK (Cyan, Magenta, Yellow, Black) inks can make color matching a 
challenge and possible problem area. (Tatom, 2011).  Mandic, Grgic, and Grgic 
are more emphatic indicating, “If a simple colorimetric match is made between a 
printed image and a monitor display, the perceived colors in the images typically 
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do not match.” (Mandic, Grgic, and Grgic, 2007, p244). While Mandic, Grgic and 
Grgic did not specifically identify cause of the mismatch described in the 
preceding paragraph, their work was conducted in the traditional bright/dim 
viewing environment, and gives additional support to the idea of creating an 
integrated viewing environment.    
 
ISO 12646, The First Softproofing Standard 
 ISO 12646:2008 was the International Standards Organization’s first 
attempt to address softproofing. ISO12646 is an international standard which 
specifies requirements for monitors used in soft proofing. Although it was 
intended for CRT monitors in 2004, it was revised in 2008 with additional 
requirements for LCD displays, such as viewing angle (EIZO, 2010). This 
standard focuses primarily on the physical properties of the display monitor. The 
standard states that the appearance of a color image on a color display is 
influenced by many physical factors associated with the monitor in addition to the 
ambient viewing conditions. Among the most important of these are uniformity, 
image size, display resolution, variation of electro-optical properties with viewing 
direction, opto-electronic calibration of the display, and the settings of the display 
driver software (ISO 12646, 2008).   To be acceptable for use in a softproofing 
system, the display must exhibit acceptable quality in terms of these properties. 
Thus, this International Standard specifies the requirements for a variety of 
monitor characteristics such as uniformity, convergence, refresh rate, size, and 
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spatial resolution. Since these parameters are subject to improvement as display 
technology changes, ISO 12646 defines minimum requirements which can be 
exceeded as technology advances (Karthikeyan, 2007). While, ISO 12646 
defines parameters for monitor and viewing booth setup in a soft proofing 
environment, the practical methods to implement these parameters based on the 
job requirements of the user have not been defined (Sole, 2010). 
ISO 12646 Viewing Conditions  
 ISO 12646 also specifies viewing conditions for softproofing. In particular, 
the standards requires that: 
The level of ambient illumination, when measured at the face of the monitor or 
in any plane between the monitor and the observer, shall be less than 32 lx. 
The color temperature of the ambient light, such as room light, should be 
within ± 200 K of the color temperature of the illumination used in the viewing 
booth.  The luminance of the area surrounding the monitor shall not exceed 
one tenth of the luminance of the monitor showing a white screen 
(R=G=B=255). The conditions within the viewing booth shall conform to 
viewing condition P2 of ISO 3664.  No light from the viewing booth shall fall 
directly on the monitor. Extraneous light, whether from sources or reflected by 
objects, shall be baffled from view and from illuminating the print or other 
image being compared. (ISO12646, 2006, p.4) 
 Thus, ISO 12646 specifies a dim viewing environment (32 lx) for the 
monitor and a bright viewing environment (500 lx) for the print.  If the display is 
viewed in a dim viewing condition while the print is viewed in a bright viewing 
condition, then simultaneous color contrast  (discussed in Chapter 2) can easily 
cause a print to display mismatch.  According to Sole (2010), in spite of being 
within the ISO 12646 standard tolerance levels, two images (a soft copy image 
on the display and the corresponding hard copy image in the viewing booth) 
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might not show an exact visual match. Therefore, Sole recommends that the 
ambient light intensity and the viewing booth light intensity be adjusted based on 
the job requirements to get the closest possible visual match between the soft 
copy on the display and the corresponding hard copy in the viewing booth.  While 
this approach is a Band-Aid, it does not address the underlying cause of visual 
mismatch when using ISO 12646 viewing conditions 
 
ISO/CD 14681, A New Approach 
 ISO/CD 14681 begins by adopting the monitor requirements defined in 
ISO 12646. It then builds on this foundation to define three common soft proofing 
scenarios for the Graphic Arts Industry.  
 In the first scenario the softproof is displayed on a monitor without an 
associated viewing cabinet or hardcopy reference. Because this scenario does 
not make provision for a hardcopy reference which is essential to assessing 
proof to print match, it was eliminated from this research.  
 The second scenario is identical to the viewing environment defined in 
ISO 12646. As mentioned above, this environment could lead to problems 
associated with simultaneous color contrast.  A number of researchers have 
confirmed that this problem is real. Chung and Zunjarrao (2011) concluded that 
when the monitor is placed in a dark surround and the print is placed in a bright 
surround, color can be perceived to be different irrespective of colorimetric 
match. Katoh (1994) found that a monitor image does not necessarily visually 
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match a printed output, even if the monitor and the output device are calibrated 
to achieve a CIEXYZ or CIELAB match. Liu and Fairchild (2006) found that the 
most significant impact of the surround on image appearance is the change in 
perceived image contrast. The chromatic perception of the image will also 
depend on the color of surround. In summary, the use of different surrounds does 
not give good match and a common surround is necessary to overcome this 
limitation. (Chung & Zunjarrao, 2011) 
 The third scenario responds to the need for a common surround by 
proposing an integrated viewing cabinet where the monitor is a part of, and built-
into, the viewing cabinet.  An important element of this proposal is the choice of 
illuminant for the common surround. ISO/CD 14681 (2011) specifies that the 
viewing cabinet should meet the requirements of ISO 3664 for P2 viewing 
conditions because, “Experience has shown that the high levels of illumination 
specified for ISO viewing condition P1 can give a misleading impression of the 
tone reproduction and colorfulness of an image which will ultimately be viewed by 
the consumer in much lower levels of illumination” (ISO 3664, 2008, p. 9). The 
ISO 3664:2009 P2 viewing condition is specified in Table 1. 
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Table 1. ISO 3664:2009 P2 Viewing Conditions 
ISO 
Viewing 
Condition 
Reference 
Illuminant & 
Chromaticity 
Tolerance 
Illuminace/ 
Luminance 
Illuminatio
n 
Uniformity 
Surround 
Illuminace 
Color 
Renderin
g 
Index  
(Per CIE 
13.3) 
Metameris
m 
index 
(Per CIE 
51) 
Print and 
Display 
CIE 
Illuminant 
D50 (0.005) 
500 ± 125 
lx 
Small booth 
 ≥ 0.75 of 
center 
Large booth 
≥ 0.60 of 
center 
< 60 %  
luminous 
reflectance 
 
Neutral and 
Matte 
General 
Index: 
≥ 90 
Special 
Indices: 
≥ 80 
Visual: C or 
better  
UV: < 1.5 
 
 Thus, the third scenario, an integrated viewing cabinet using the P2 
viewing condition was used of this research. It should be noted, however, that  
today's monitors have the capability to match higher levels of luminance (Mandic 
et al., 2007), and this capability might offer an opportunity to further improve 
visual print to softproof match in the Graphic Arts Industry. 
 
Print to Softproof Match in an Integrated Viewing Booth 
Matching Paper and Monitor White Points  
 Chung and Zunjarrao (2011) showed the importance of a common 
background for achieving a visual match. A common background is only 
achieved when the surround is exactly the same for the print and display, and the 
white points of the print and the display match. 
 According to Chovancova-Lovell, Fleming III, Starr and Sharma (2007), a 
calibrated monitor having an accurate ICC monitor profile is an essential but not 
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adequate condition for an accurate soft proofing. They further mentioned that the 
accuracy of a soft proofing system depends on the Color Management Module 
(CMM), the specified white point on the monitor, and the device profile. Mandic 
and Lidija (2005) found that the perceived colors in a printed image and display 
typically do not match due to differences in viewing conditions and white point 
between the print and displays.  
 The problem of print to display white point match can be solved with 
today's technology, and developing a methodology for matching these white 
points was a primary objective for this research.  The details of the methodology 
are covered in the next chapter.  At this point, however, it is appropriate to 
discuss the white points used in this research. 
 
Paper White. Paper is a reflective material and it reflects the light illuminating it. 
Thus, the perception of paper white depends on the paper color and the 
illuminant used. In this research, the paper conforms to ISO 12647-2 
specifications for Paper Type 1, and the paper is viewed under a D50 light 
source conforming to the ISO 3664:2009 P2 lighting condition. To obtained a 
colorimetric specification for the paper white point used in this research, the 
printing paper was measured using a Konica Minolta FD-7 with the M1 
measurement condition selected. The resulting colorimetric white point was used 
as the basis for creating the custom monitor white point describe below. 
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D65 Illuminant. In 1996, HP and Microsoft cooperatively created a standard RGB 
color space called sRGB. sRGB specifies an illuminant white point to be x = 
0.3127, y = 0.3291 which is D65. The sRGB reference viewing environment 
corresponds to conditions typical of monitor display viewing conditions (Stokes, 
Anderson, Chandrasekar, and Motta, 1996). Therefore, the D65 white point was 
chosen as one of the monitor white points for this experiment. 
D50 Illuminant. According ISO 12646:2006, the chromaticity of the display at the 
centre of the white image should be set to that of D50; namely u’ = 0,2092, v’ = 
0,4881 (as defined in CIE Publication 15). D50 is generally used in the Graphics 
Arts Industry, which is the focus of this research. Therefore the D50 white point, 
without regard to paper white, was chosen as a second condition for this 
experiment. 
Custom White Point. According Joe Marin (2011), neither standard monitor 
white point (D50 or D65) will be perfectly accurate for softproofing. Therefore, a 
custom monitor white point based on the paper white point under the P2 viewing 
condition was chosen as a third condition for this research.  
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Chapter 4 
Research Objective 
 
Research Objective 
 Achieving a visual match between numerically matching colors viewed on 
a display and in print is a very challenging task. The color contents and its 
associated viewing environment play an important role in achieving visual match, 
and thus in the effectiveness of softproofing systems. Softproofing systems with 
bright/dim lighting conditions fail to deliver consistent perceptual matches. 
Therefore, the task is to find a system which gives better visual agreement for 
color-managed colors. ISO/CD 14681 specifies requirements for color 
softproofing systems under bright surround, and thus offers a potential solution to 
the problem associated with bright/dim lighting conditions.  One the other hand, 
ISO/CD 14681 is silent on the problem of visual match to the two white points 
(paper and monitor) displayed under these conditions. The main objectives of 
this thesis are to assess the effectiveness of the ISO/CD 14681 
recommendations for a bright surround, and to develop a methodology for closely 
matching the monitor and paper white points under this viewing condition.  
18 
 
 Specifically, the objectives of this research are to start with the ISO/CD 
14681 recommendations for an integrated (monitor built-in, P2 illumination) 
viewing environment under bright surround and to:  
1. Develop a methodology for closely matching the monitor white point to the 
paper white point under this viewing condition. 
2. Assess the performance of print/softproof agreement using alternative monitor 
white points and gamma settings to match an ISO 12647-2 conforming print 
under this viewing condition. 
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Chapter 5 
Methodology 
Overview 
In order to address these research objectives, a two-phase experiment was 
required:  
• Phase I – Optimize Display-to-Print Match in an ISO/CD 14681 Integrated 
Viewing Environment. ISO/CD 14681 specifies that the integrated viewing 
environment use the ISO 3664 P2 viewing condition. It is however silent on 
monitor hardware settings and the color management approach to be used in 
obtaining a high quality print to softproof match. For Phase I of the 
experiment, the white point of an ISO 12647-2 conforming paper under P2 
viewing conditions was the reference for the experimental design.  During 
Phase I, the researcher first developed a methodology for adjusting the 
display’s white point to match the reference. Once the methodology was 
developed, the researcher investigated a range of white points and gamma 
settings to test their performances regarding print to softproof match for ISO 
12647-2 conforming prints under the ISO/CD 14681environment with ISO 
3664 P2 viewing condition.  
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• Phase II - Paired Comparison Experiment. In this phase, a paired comparison 
experiment was conducted to verify that the conditions achieved in Phase I 
optimized print to softproof match as judged by a panel of observers.  
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Phase 1.  Optimize Print-to-Display Match Using ISO/CD 14681 
 
Figure 2: Optimizing Print-to-Display Match Flowchart 
Specify viewing 
device and viewing 
condition, P2
Vary monitor 
brightness 
hardware settings 
and find brightness 
match between 
print and display
Specify monitor and 
soft proofing API
Refine monitor 
white point and 
decide gamma
Find Optimized 
Softproofing 
Condition
Specify printing 
conditions
Document 
Optimized 
Softproofing 
Condition
Create Custom 
Profile To match 
Paper White point 
under Specific 
Viewing Condition
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 Phase 1 of the research program was implemented using a six-step 
process.  Figure 1 shows this Phase 1 workflow schematically.  Step by step 
details are provided below. 
Step1. Specify Paper Color and Printing Conditions 
 The anchor for this research was a set of hardcopy prints on Sappi Flow 
paper prepared on a Kodak approval. These prints conformed to ISO 12647-2, 
Graphic technology -- Process control for the production of half-tone colour 
separations, proof and production prints -- Part 2: Offset lithographic processes. 
The hardcopy prints included the IT8.7/4 profile target which was measured with 
an M1 instrument and used to create ICC profiles corresponding to the printing 
condition. A Grey 5 image (consisting of a the number 5 printed in grey on white 
paper) and the standard Three-Musicians image were used to test print to 
softproof match.   
Step 2.  Assess Conformance of Viewing Device Conditions 
 ISO/CD 14681 provides three soft proof models. Model three was used for 
this research. For this model, ISO/CD 14681 requires the viewing cabinet to 
conform to the P2 viewing condition specified by ISO 3664:2009. 
 The P2 viewing condition specified by ISO 3664 was used throughout this 
research. The viewing cabinet used in this research was in conformance with the 
P2 viewing condition as determined by both RIT experts and the viewing cabinet 
vendor. 
 
 Step 3.  Specify monitor and soft proofing API 
 ISO 12646 provides
a display having a resolution of
required.  In addition, the display must 
a diagonal measurement of at least 43 cm
(8.7 in). The luminance of the whit
cd/m2 and should be at least 160 cd/m
CG242W display used for this research
checked for conformance
 Test images were
configured as shown F
Condition was selected under section view
used to display the images.
Figure 3: Photoshop API 
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 specifications for soft proofing displays
 1280 ×1024 pixels without interpolation 
be capable of displaying an image having 
 (16.9 in) and a height of at least 22 cm
e displayed on the monitor must
2
 (ISO 12646, 2006). The EIZO 
 meets these requirements and was 
 to them. 
 displayed by using Adobe Photoshop software 
igure 3. As shown in this figure, Customize Proof 
 and relative rendering intent was 
  
Customized Proof Condition
.  Specifically, 
is 
 
 be at least 80 
ColorEdge 
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  The printer profile was applied as an Input profile (for example, 
Sappiflow.icc) and a custom monitor profile was applied as the display profile. An 
initial custom monitor profile was created using the paper white point and default 
monitor gamma setting to support this research. 
Step 4. Optimize Display Brightness for Better Display to Print Match 
Develop Quantification Procedure. A camera-based procedure was developed to 
quantify Paper/Monitor color differences in order to provide a quantitative basis 
for optimizing white point match. This procedure consisted of: 
 i. Selecting a monitor brightness level through the monitor hardware 
controls. The brightness of the display can be varied from 0-100% in 1% 
intervals.  
 ii. Setting the camera to manual exposure mode and setting lens aperture 
to F5.6, speed to ISO100, and exposure to 1/6 sec. The same manual settings 
were used throughout the experiment.  
 iii. Capturing an image of the monitor and paper using these settings. 
 iv. Opening the captured image in Adobe Photoshop. The eyedropper tool 
was selected to measured R,G, and B counts. Sample size was selected to be ''5 
by 5 Average'' for this measurement.  R, G and B counts were manually 
transferred to a data capture spreadsheet. 
Set Up Viewing Environment In order to perform the experiment an integrated 
viewing environment conforming to ISO 14681 was prepared. In this 
environment, the P2 viewing condition specified by ISO 3664 is used to illuminate 
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both monitor and print. The white point of paper in this viewing condition became 
the reference for the experiment, and the researcher's first task was to match the 
monitor white point to the white point of the print.  
Establish Initial match. An initial print to softproof match was established by 
applying the procedure described above using the initial monitor profile. The 
brightness of the display was varied by changing hardware brightness settings 
from  0-100% in 5% intervals. At each brightness setting, the green values of the 
display and paper were checked.  The brightness setting which gave the smallest 
delta G value was selected as starting point for fine tuning.  Figure 4 shows the 
visual and numeric match obtained at the end of this step. 
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D50; Display Brightness=20 Scale (93 cd/m2); Viewing booth=P2 at 37 
Scale(519lux);G=1.8 
 White 
 Print Display Delta 
R 222 227 5 
G 219 226 7 
B 218 233 15 
 
Figure 4: Initial brightness match 
 
Optimize Brightness. In this step, monitor brightness was optimized to better 
match paper brightness. This was accomplished by varying display brightness 
from the starting point. Five brightness settings (-2%, -1%, 0%, +1%, +2%) were 
tested. At each brightness setting, the ∆G between the monitor and paper was 
captured.  The brightness setting which gave the smallest delta G value was 
selected as the optimum brightness for this experiment. Figure 5 shows the 
visual and numeric match obtained at the end of this step. 
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 D50; Display Brightness=18 Scale (93 cd/m2); Viewing booth=P2 at 37 
Scale(519lux);G=1.8 
 White 
 Print Display Delta 
R 235 228 7 
G 233 236 3 
B 234 227 7 
 
Figure 5: Integrated viewing booth according to ISO 14861-2 
Step 5. Refine monitor white point and gamma 
White point and Gamma Control. The I-One profile software provides the ability 
to refine the white point and gamma used in the monitor profile by entering new 
values in the software interface. Figures 6 and 7 show the white point and 
gamma controls available through this interface. To obtain an initial white point, 
the paper white of the print was measured using the M1 measurement condition.  
The resulting white point, x=.34 and y=.35, was then entered through the 
software interface. 
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Figure 6. White Point Controls  
 
Figure 7. Gamma Controls 
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Refined White Point and Gamma. A series of experiments led to the realization 
that gamma interacts with white point in the EIZO monitor. Therefore, gamma 
and white point were varied together to obtain an optimal match. Combinations of 
x values between 0.341 to 0.349, y values between 0.343 to 0.351, and Gamma 
values between 1.8 and 2.2 were tested. After each trial ∆R, ∆G, and ∆B counts 
were calculated by using the camera capture methodology described above. The 
Grey 5 image was used as test image in this step. The combination of monitor 
white point and gamma which gave the closest match (smallest sum of ∆R, ∆G, 
and ∆B counts for paper white and figure grey) was chosen for Phase 2 of the 
experiment. Figure 8 shows the visual and numeric match obtained at the end of 
this step. 
  
30 
 
 
x=0.347,y=0.346; Display Brightness=15 Scale (93 cd/m2); Viewing booth=P2 at 37 
Scale(519lux);G=1.8 
 White Gray 
 Print Display Delta Print Display Delta 
R 231 229 2 149 150 1 
G 229 229 0 150 153 3 
B 228 227 1 148 153 5 
 
Figure 8. Optimum match 
 
Phase 2: Paired Comparison Experiment  
In this phase, a paired comparison experiment was conducted to verify that the 
conditions developed in Phase I optimized print to softproof match.  Figure 9 is a 
flowchart explaining the step-by-step procedure used to conduct the paired 
comparison experiment.  Individual steps are explained in the sections following 
this figure.   
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Figure 9. Paired Comparison Workflow 
Step 1.  Design Experiment 
Choose Softproofing Conditions.  Four conditions were chosen as follows: 
• Condition A.  D65 white point and 1.8 gamma.  The starting point for this 
condition is the white point of the sRGB color space which is often used as 
the monitor color space. 
Design of 
Experiment
Qualify 
Observers
Conduct Paired 
Comparison 
Experiment
Analyze Results
Conduct 
Experiment
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• Condition B.  D50 white point and 1.8 gamma.  The starting point for this 
condition is the white point used in Graphic Arts viewing booths. 
• Condition C.  Custom monitor ICC profile and 2.2 gamma.  This condition 
used a custom profile to match the white point of print under the P2 
viewing condition.  
• Condition D.  Custom monitor ICC profile and 1.8 gamma.  This condition 
is identical to Condition except for the choice of gamma used to emulate 
dot gain on the monitor. 
Choose Images. To conduct this experiment two images were chosen, the Grey 
5 image and the Three-Musician image.  The Grey 5 image was chosen because 
it consists of paper white and a neutral image. This image played an important 
role in choosing the display white point because it contains a lot of white 
background. The gray part of this image was used to optimize the monitor’s 
gamma setting. The Three-Musicians image represented a typical complex 
image and the main purpose of this image was to support visual evaluation of 
print to softproof match.  
Step 2.  Qualify Observers 
 Fifteen observers were chosen for visual testing and invited to participate 
in the experiment using Institute Review Board for Protection of Human Subjects 
procedures.  Prospective observers were screened using the Farnsworth-Munsell 
100-Hue test and finally seven observers were chosen for visual assessment. 
The 100-Hue test allowed the researcher to discriminate between people having 
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normal color vision and those with even mild color deficiencies, such as 
anomalous trichromats. Potential observers whose test results revealed one or 
more three-transposition errors on the 100-Hue test were eliminated from the 
final visual assessment.  
Step 3.  Conduct Experiment 
Prepare Test Environment. Before starting the psychometric experiment with an 
observer, the test environment was prepared by following a setup procedure. The 
display and viewing booth were warmed up for at least 30 minutes before the 
experiment started. Room lighting was adjusted to dim and the level of ambient 
illumination was controlled to not more than 32lux. Display profiles were setup 
using the following path: System Preferences < Displays < CG242W < Color < 
Display Profile.  
Test Environment Quality Assessment. In the viewing booth, light intensity was 
confirmed to be set at 37% (1-100% scale) and display brightness was confirmed 
to be set at 18% (0%-100% scale). Adobe Photoshop was selected as the 
display software and the appropriate image/proof pair was displayed. 
Run Experiment. Next an observer was selected, brought into the lab, and given 
time for his/her eyes to adjust to the lighting.  Two paired comparison trials were 
then conducted, one using the Grey 5 image and one using the Three-Musicians 
image.  The observer was asked to choose the best match between the print 
(unchanging) and two softproofs which were shown sequentially (as in an eye 
exam). At total of six pairs, representing all possible combinations of the four 
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conditions (A, B, C, and D) were judged. During each run, the researcher 
recorded the observers choices for future analysis.  
Step 4.  Analyze Results 
Analysis for Consistency.  Each observer’s responses were first analyzed for 
consistency of judgment. Triads were used to identify inconsistencies. For 
example, an observer who judges that A > B and B > C  should judge A>C.  If, 
instead, the observer judged that A< C then that observer created a triad.  
Having no triads indicates that the observer was consistent. Having one or more 
triads indicates that the observer was inconsistent.  Inconsistent observers were 
eliminated form the experiment.  
Test for Agreement Among Judges. Next, agreement among judges was tested. 
A statistic consisting of the total score of all judges minus the expected score if 
there was no agreement among judges was calculated for each condition.  At this 
point, the test statistic for agreement (S) was calculated by summing the squares 
of the valued or the individual conditions. Finally, agreement was tested for 
statistical significance by comparing the computed value of S to the critical value 
given by Rickmers in the table below (in the case of this research, the critical 
value of 217 is found at the intersection of 4 Conditions and 7 Observers).  If the 
value of S exceeded the value shown in the below table, this indicates a 
significant (at the .05 level of significance) amount of agreement among judges. If 
the judges did not agree, the research still used the full panel since the modest 
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level of disagreement among judges did not hide real differences among 
conditions. 
  Table 2. Critical Values for Testing Agreement 
Critical values for significance of 
agreement among judges, .05 level of 
significance 
                   Number of Consistent Judges (J) 
No. of 
Conditions 
3 4 5 6 7 
3     64.4 103.9 157.3 
4   49.5 88.4 143.3 217.0 
5   62.6 112.3 182.4 276.2 
6   75.7 136.1 221.4 335.2 
  
Rank Choices.  Next the conditions were ranked from Best to Worst according 
the average score that each condition received from the panel of observers. 
Test for Real Difference Among Conditions. Finally, the ranked choices were 
tested to determine if any of the differences observed was significant at the .05 
level of significance.  For each condition, a test statistic consisting of the sum or 
ranks receive by that condition is calculated. Rickmers again calculated a table of 
critical values for this statistic (see Table 3) below.  For any condition that 
exhibits a real difference from the other conditions, its sum of ranks must be 
lower than the first of the two values given in the table, or greater than the 
second value. 
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Table 3. Critical Values for Real Differences 
No. of 
Conditions 
(P) 
3 4 5 6 7 
3 
 
5-11 6-14 8-16 10-18 
4 
 
5-15 7-18 9-21 11-24 
5 4-14 6-18 8-22 10-26 12-30 
6 4-17 6-22 9-26 11-31 14-35 
 
 For this experiment, the number of conditions was 4 and number of judges 
was 7, so condition which have score lower than 11 or higher than 24 are 
statically significant.  
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Chapter 6 
Results 
 
Conditions Tested 
 Four monitor display conditions were tested in the Paired Comparison 
experiment: 
1. Condition A:  D65 white point, 1.8 gamma 
2. Condition B:  D50 white point, 1.8 gamma 
3. Condition C:  Custom white point, 2.2 gamma 
4. Condition D:  Custom white point, 1.8 gamma 
The complete paired comparison experiment was conducted twice, once using 
the Grey 5 image and once using the Three-Musicians image.  The results of 
each run are shown separately below. 
Grey 5 Image 
Analysis for Consistency of Judges 
 Analysis for internal consistency was performed for each set of 
observations. A custom spreadsheet was used to implement the methodology 
described in Chapter 5. The spreadsheet automatically counts the number of 
times each sample is chosen by the observer. Based on these counts, the 
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spreadsheet automatically checks for triads. For the Grey 5 image, all observers 
were found to have zero triads as shown in Table 4 below. 
Table 4. Observer Rankings and Test for Triads 
Condition 
Rank scores of all judges (add '1' to raw scores) 
1 2 3 4 5 6 7 Average 
A 1 1 1 1 1 1 1 1.00 
B 2 2 2 2 2 2 2 2.00 
C 3 3 3 3 3 3 3 3.00 
D 4 4 4 4 4 4 4 4.00 
Triad 0 0 0 0 0 0 0 
 
 
Test for Agreement Among Judges 
 Agreement among consistent judges was analyzed next. For each 
condition, the scores of all judges were captured and entered into the 
spreadsheet. The test statistic for agreement among judges (S) was then 
calculated as shown in Table 5. 
 
 
 
 
 
 
 
 
 Table 5. Test for Consistency Among Judges
Condition 
Judges who
 
1 2 3
A 1 1 1
B 2 2 2
C 3 3 3
D 4 4 4
 
Sum of all totals
                                            
 As this table shows, the s
sum of square was compared with the 
Rickmers in Chapter 5.
critical value for four conditions and se
judges was significant at the
Rank 
 Each condition was give a rank based on the number of times it was 
preferred by an observer. For an individual observer, the best condition was 
awarded a score of 4 and the worst condition a score of 1.  Table 5 summarizes 
the scores for all consistent observers
condition is used to rank the conditions. 
table, Condition D was best con
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  are consistent 
 
 
 
Total 
for all 
judges 
*Aver
age 
total 
(K37) 
Total 
Average
 4 5 6 7 
 1 1 1 1 7 
17.5 
-10.5
 2 2 2 2 14 -3.5 
 3 3 3 3 21 3.5 
 4 4 4 4 28 10.5 
 
70 Sum of squares (S)
 
um of squares for the Gray 5 image
table of critical values provided by 
 Since the sum of squares (245) was greater
ven judges (217), agreement among 
 .05 level of significance.  
. The sum of observer score
Considering the scores given 
dition (Custom White Point and 1.8 Gamma
- 
 
 
 
 110.25 
12.25 
12.25 
110.25 
 
245 
 is 245.  This 
 than the 
s for each 
in this 
) and 
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Condition A was the worst condition (D65 and 1.8 Gamma). Overall rankings are 
summarized in Table 6. 
Table 6.  Ranking by Condition for the Grey 5 Image 
  Description of each Conditions 
Best: D Custom White Point and 1.8 Gamma 
2nd: C Custom White Point and 2.2 Gamma 
3rd: B D50 and 1.8 Gamma       
Worst: A D65 and 1.8 Gamma       
 
Real Difference Among Conditions 
 Finally, Rickmers table of critical vales for significant differences among 
conditions (see Chapter 5) was consulted to determine the critical values for this 
experiment. In this experiment, number of consistent judges was 7 and number 
of conditions was 4. Therefore a Condition to demonstrate a real difference from 
the other conditions, its total score must be lower than 11 or greater than 24. The 
risk of error associated with the judgment that one or more conditions differs from 
the others was 0.05. 
 As Table 5 shows, Condition A received a total score of 7 which is below 
the critical value of 11, so Condition A is a significantly worse match to the print 
than the other conditions. Similarly, the total score for Condition D (i.e. 28) is 
above the critical value of 24, so Condition A is a significantly better match than 
the other conditions.  
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Three-Musicians Image  
Analysis for Consistency of a Judge 
Analysis for internal consistency was performed for each set of observations. A 
custom spreadsheet was used to implement the methodology described in 
Chapter 5. The spreadsheet automatically counts the number of times each 
sample is chosen by the observer. Based on these counts, the spreadsheet 
automatically checks for triads. For the Three-Musician image, all observers were 
found to have zero triads as shown in Table 7 below. 
 
Table 7. Observer Rankings and Test for Triads  
Condition Rank scores of all judges (add '1' to raw scores) 
1 2 3 4 5 6 7 Average 
A 1 1 1 1 1 1 1 1.00 
B 2 2 2 2 2 2 2 2.00 
C 3 3 4 3 3 3 4 3.29 
D 4 4 3 4 4 4 3 3.71 
Triad 0 0 0 0 0 0 0  
 
Test for Agreement Among Judges 
Agreement among consistent judges was analyzed next. For each condition, the 
scores of all judges were captured and entered into the spreadsheet. The test 
statistic for agreement among judges (S) was then calculated as shown in Table 
8. 
 
 Table 8. Test for Consistency Among Judges 
Condition   
Judges who  
  
  
  
  
1 2 3
A 1 1 1
B 2 2 2
C 3 3 4
D 4 4 3
 Sum of all totals
                                            
 As this table shows, the s
225.  This sum of square was compared with the table of critical values provided 
by Rickmers in Chapter 5. Since the sum of squares (225) was greater than the 
critical value for four conditions and seven judges (2
judges was significant at the .05 level of significance. 
Rank 
 Each condition was give a rank based on the number of times it was 
preferred by an observer. For an individual observer, the best condition was 
awarded a score of 4 and th
the scores for all consistent observers. The sum of observer scores for each 
condition is used to rank the conditions. 
table, Condition D was best condition 
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are consistent 
Total 
for all 
judges 
*Aver
age 
total 
(K37) 
Total -
Average
 4 5 6 7 
 1 1 1 1 7 
17.5 
-10.5 
 2 2 2 2 14 -3.5 
 3 3 3 4 23 5.5 
 4 4 4 3 26 8.5 
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   Sum of squares 
(S) 
 
um of squares for the Three-Musician image is 
17), agreement among 
 
e worst condition a score of 1.  Table 8
Considering the scores given 
(Custom White Point and 1.8 Gamma
 
 
 
(T-X)2 
 
110.25 
12.25 
30.25 
72.25 
225 
 summarizes 
in this 
) and 
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Condition A was the worst condition (D65 and 1.8 Gamma). Overall rankings are 
summarized in Table 9. 
Table 9.  Ranking by Condition for the Three-Musician Image 
  Description of each Conditions 
Best: D Custom White Point and 1.8 Gamma 
2nd: C Custom White Point and 2.2 Gamma 
3rd: B D50 and 1.8 Gamma       
Worst: A D65 and 1.8 Gamma       
 
Real Difference Among Conditions 
 Finally, Rickmers table of critical vales for significant differences among 
conditions (see Chapter 5) was consulted to determine the critical values for this 
experiment. In this experiment, number of consistent judges was 7 and number 
of conditions was 4. Therefore a Condition to demonstrate a real difference from 
the other conditions, its total score must be lower than 11 or greater than 24. The 
risk of error associated with the judgment that one or more conditions differs from 
the others was 0.05. 
 As Table 8 shows, Condition A received a total score of 7 which is below 
the critical value of 11, so Condition A is a significantly worse match to the print 
than the other conditions. Similarly, the total score for Condition D (i.e. 26) is 
above the critical value of 24, so Condition A is a significantly better match than 
the other conditions.  
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Discussion: 
 If the camera method for optimizing print to softproof match works, then 
the image with the smallest ∆R, ∆G, and ∆B counts (between print and display) 
should have the best perceptual match. This was indeed the case. Table 9 
compares the results of the camera method and the psychometric test for the 
Grey 5 image.  As this table shows the worst condition (Condition A) has by far 
the highest cumulative ∆R, ∆G, and ∆B score (i.e. 103). Similarly, the best 
condition (Condition D) has by far the lowest cumulative ∆R, ∆G, and ∆B score 
(i.e. 12).  These were the only statistically significant differences.  The remaining 
conditions have similar cumulative scores (33 for Condition B and 31 for 
Condition C).  The overall preference shown for Condition C in the Paired 
Comparison Experiment could well be the result of the fact that this condition 
does a much better job of matching paper white than Condition B (a white score 
of 5 versus 13), coupled with the fact that paper white predominates in the Grey 
5 image. 
Table 10. Camera and Psychometric Results for the Grey 5 Image  
Condition White Gray 
 ∆R ∆G ∆B ∆R ∆G ∆B 
A 1 11 14 12 28 37 
B 6 1 6 3 12 5 
C 2 2 1 13 7 6 
D 2 0 1 1 3 5 
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Chapter 7  
Summary and Conclusion 
Summary 
 
 The results of testing an ISO 14681 integrated viewing environment with 
closely matching paper and monitor white points proved to be highly 
encouraging.  A new, camera based technique for quantifying white point match 
was developed and performed well.  The key metric associated with this 
technique (the sum of differences in R, G, and B counts between paper white 
and monitor white) was demonstrated to be an effective guide for reducing the 
visual mismatch between white points.  After optimizing brightness at 18% 
(93cd/m2), the mismatch between the paper white point and the D65 white point 
used in the sRGB color space totaled 26 counts. By replacing the D65 white 
point with the custom white point developed using this metric, the mismatch was 
reduced to a total of 3 counts (a reduction of nearly 90 percent).  
 The paired comparison experiment demonstrated that the use of a custom 
monitor white point and optimized monitor gamma outperformed the use of the 
D65 and D50 white points traditionally used in softproofing at a .05 level of 
significance.  In order to develop a quantitative basis for understanding these 
observed preferences, the camera method was extend to include both white and 
grey samples.  Using this method, the optimized white point/optimized gamma 
solution was shown to outperform the D50 white point by a factor of nearly three 
(12 vs 33) and the D65 white point by a factor of eight (12 vs 103). 
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Implication, Limitations, and Future Research 
 The use of an integrated viewing environment offers significant potential 
for improving print to softproofing match. To capture full benefits of softproofing in 
an integrated viewing environment, printers will need to closely match the 
monitor white point to the paper white point. The camera method is an effective 
tool for obtaining this result.  
 The current research has some limitations. The research was limited to a 
single paper white point which was used to create the custom profile for the 
monitor. The white point selected conformed to the ISO 12647-2 specification for 
Type1 paper and is not representative of the heavily OBA loaded papers 
commonly in use today. In addition, the ISO 3664:2009 P2 viewing condition 
which was used for this research has a lower level of illumination (500lx) than the 
P1 level of illumination (2000lx) which is commonly used in the Graphics Arts 
Industry. Due to this lower level of illumination, white paper was perceived to be 
grey which significantly affected print to softproof visual match. With today's 
hardware and software technology, display brightness can be increased and this 
offers opportunity to further improve print to softproof match. 
 With the current trend towards increased use of highly OBA loaded 
papers, hardcopy proofing is limited in its ability to match prints on these papers. 
However, these limitations do not exist for softproofing technology. As a result, it 
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would be useful to repeat this research with OBA loaded papers. In addition, this 
research could be productively extended to develop a brighter illuminant than the 
P2 condition specified by ISO 3664:2009 in order to improve perceived print to 
softproof match.  
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Appendix A 
 
Calibrate the monitor 
a.  Warm-up the monitor.  Prior to any measurement, the display must be 
switched on and allowed to warm-up for a period of at least 30 minutes at 
approximately 85 % of the maximum luminance, at the chromaticity of the 
D50 white point. 
b. Perform the manufacturer’s recommended calibration procedure.   
"After ambient light has been adjusted, it's time to calibrate [the] monitor to 
match the lighting situation. Use the ColorNavigator calibration software 
included with the ColorEdge monitor for a simple, quick, and accurate 
calibration"(EIZO Color Matching Between Your Monitor and Prints, 2011). 
The X-Rite Eye-One sensor is required to support ColorNavigator. 
ColorNavigator calibrations are performed for White Point, Brightness, and 
Gamma. 
• White Point:  The monitor’s whiteness should be set as close as 
possible to the color of the paper used for printing. White sheets of 
paper can be measured directly with ColorNavigator and this allows 
more accurate calibration of monitor whiteness and brightness by 
including ambient light and paper whiteness. In that case, find the 
color temperature of the fluorescent lamp used and set 
ColorNavigator to this value. If the whiteness of the monitor 
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appears slightly blue after calibration, lower the white point color 
temperature, then recalibrate. The Eye-One series provides 
ambient light-measuring functionality, a feature supported by 
ColorNavigator. For use of this combination, click the “Measure the 
Target” button to measure ambient light. The measurement value 
will be set as x, y coordinate values for the white point target. 
• Brightness: Adjusting the brightness is not necessary when using 
the white point measuring function described in above section. 
However in the other cases, setting brightness is necessary. With a 
typical monitor, the brightness of paper when viewed at night under 
artificial illumination corresponds to about 80 to 100 cd/m2. 
Naturally, brightness will vary with the number of fluorescent lamps 
and distance to the paper. At first, try to calibrate to 80 cd/m2. If the 
monitor appears brighter than the paper, lower the brightness 
settings and recalibrate. 
• Gamma Value: Set the gamma value to 2.2, regardless of whether 
the PC used is Macintosh or Windows  (EIZO Color Matching 
Between Your Monitor and Prints, 2011). 
c. Confirm that the monitor is properly calibrated.  All measurements must be 
carried out on the calibrated and characterized display. The information 
(e.g. calibration process, used software, ICC profiles) necessary to 
describe and repeat the measurements must be reported with the data. If 
not required otherwise, all measurements must be carried out at the 
design viewing direction and in contact with the faceplate.  
d. Check white point conformance.  The chromaticity of the center of a 
display should be set to D50 (u’ = 0,209 2, v’ = 0,488 1). The chromaticity 
obtained, for the white point chosen by the software application vendor, 
must be within a circle of radius of 0,005 from this point. The luminance of 
the monitor should be as high as necessary to visually match an unprinted 
sheet of white paper located close to the monitor having an illuminance of 
500 lx, as specified in ISO 3664 for viewing condition P2. If that is not 
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possible, the luminance must be at least 80 cd/m2 and should be at least 
160 cd/m2.  
e. Check grey balance conformance.  At least 10 neutral colors (R = G = B), 
approximately equally spaced in lightness, having a luminance higher than 
10 % of the maximum luminance must be displayed and measured. After 
the color differences between these values and the CIELAB values 
intended to be displayed by the software characterizing the display are 
calculated, the deviation between them should not exceed 2 ∆Eab and 
must not exceed 3 ∆Eab.  
f. Check color reproduction conformance.  A reference RGB data file 
comprising at least five equally spaced code values for each channel (e. g. 
R = 30, 85, 128, 170 and 255, using 8- bit coding) and all combinations 
among the other channels, having a luminance higher than 10 % of the 
maximum luminance, must be displayed and measured at the centre of 
the display. The measured tristimulus values are transformed to CIELAB 
values using the white point chosen by the software application vendor. 
The average of the CIE 1976 color differences between these values and 
the CIELAB values intended to be displayed by the software 
characterizing the display (e.g. an ICC monitor profile) should not exceed 
2 ∆Eab and must not exceed 5 ∆Eab. The maximum such difference should 
not exceed 4 ∆Eab and must not exceed 10 ∆Eab. 
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g. If the calibrated monitor does not pass the above checks, troubleshoot the 
monitor per the manufacture’s recommended troubleshooting process, 
recalibrate, and repeat the checks. Reprofile the monitor if necessary.   
 
Assess Display Performance  
Spatial and Temporal variation 
 Assessing the uniformity of the EIZO ColorEdgeCG242W LCD Monitor 
consists of two evaluations: temporal consistency and spatial uniformity. For 
these evaluations, the display is operated using the Mac OS X 10.5 system. 
Adobe Acrobat 9 Pro application is used to display colors for measurements. The 
spectral data of the displayed colors are measured using an X-Rite i1 Pro 
spectrophotometer. X-Rite ProfileMaker 5, MeasureTool 5, and Microsoft Excel 
10 software are used to collect and analyze the data. The nine-point pattern 
shown in Figure 1 is designed for both tests. 
 First, temporal consistency is measured. For this purpose, only one color 
(R, G, B = 255) is displayed. Measurements are only taken from the center of the 
monitor (Position 5 in Figure 1). Take one measurement every five minutes over 
an hour using an X-Rite i1 Pro spectrophotometer.   
 For evaluation, luminance (Y) versus time graph is plotted and note down 
time when the display’s illumination gets stable. This experiment is repeated for 
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10 separate days and then average as well as standard deviation of illuminance 
is calculated during the stable period.  
 
Figure A1. A nine-point pattern used for both temporal consistency and 
spatial consistency test 
 Next, the spatial uniformity test follows the temporal consistency test. The 
spectral data of both white (R, G, B = 255) and gray (R, G, B = 127) are 
measured at each of the nine positions shown in Figure 1. 
The luminance value and chromaticity co-ordinates in the CIExyY color space 
and ∆E*ab values are calculated from spectra data per ISO 13655 (2009) to 
analyze the physical performance of the monitor. The 3D graphs of illuminance 
are plotted against position for white and gray color. This experiment is repeated 
for 10 separate days and then average as well as standard deviation of 
illuminance is calculated for nine different positions.  
Color Gamut 
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 The gamut of colors which may be reproduced on the display needs to be 
such that it totally encloses that produced by the inks specified in the appropriate 
part of ISO 12647 for which the display is required to provide a proof. Although 
not strictly accurate, the following simple procedure for evaluating this is usually 
acceptable by ISO 12646 and is used to check the color gamut. First, in a 
chromaticity diagram, preferably u, v, a “plan” view of the print gamut is formed 
by a hexagon joining the chromaticities of the primary and secondary colors. 
Second, the triangle joining the chromaticities of the phosphors (display gamut) is 
plotted in the same chromaticity diagram. Finally, check to confirm that the print 
gamut defined in first step is fully within the display gamut. In addition, the display 
and print gamuts need also to be defined when plotting lightness as a function of 
chroma, for the six hue angles defined by the primary and secondary colors of 
solid areas of the print. These gamut plots may be defined as simple triangles 
joining the white and black points with the highest chroma color at that hue, 
obtainable with each system. Check to confirm that the print gamut is fully within 
the display gamut for each hue angle. (ISO 12646) 
Assess Conformance to Data Delivery and Display Driving Requirements. 
 According to ISO/CD 14681, soft copy proofing systems shall accept 
digital data delivered as PDF/X data files as defined in ISO 15930 and therefore, 
this file format will used in this research. The display driving software associated 
with a soft proofing system will adjust the incoming image content data so that 
the combination of the display characteristics and the driving software produces 
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colorimetric output from the display that matches the intended characterization 
data within the limits specified. The test colors used will be displayed and 
measured at the centre of the display sequentially. The measurement of the 
output of the display for this evaluation will be a contact measurement with a 
spectroradiometer or colorimeter and the display will be shielded from ambient 
light. We will referring tolerance specified below on the measured display output 
associated with the combination of the display performance and the display 
driving software are: 
a) For neutral colors produced by R=G=B ranging from values of 55 to 255 the 
maximum c* of the measured color must be 2.3. 
b) For all CMYK input values of the ISO 12642-2 target the mean difference 
between the measured colors and the characterization data for the reference 
printing condition must be within a CIEDE2000 value of 2 for in-gamut colors. 
The 99th percentile for the same colors must be within a CIEDE2000 value of 4. 
c) For the CMYK input values of the outer-gamut patches listed in Table C.1 of 
ISO 12647-7: the maximum difference between the measured colors and the 
characterization data for the reference printing condition must be within a 
CIEDE2000 value of 2.3. If the color differences of the outer-gamut patches 
exceed the above tolerance, the soft proofing application must show a pixel-
based out-of-gamut-warning. 
 
58 
 
 
